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f rom t h e  l i d a r  measurement technology panel i s ,  by f a r ,  t h e  longes t .  T h i s  i s  due t o  
t h e  f a c t  t h a t  t h e  1981 NASA workshop o n l y  considered t h e  r o l e  of pass ive  remote sen- 
sors  i n  measurincl t roDosDher ic  t r a c e  sDecies f rom sDace (see t a b l e  I ) .  A c t i v e  remote 
As you w i l l  note, o f  t h e  f o u r  measurement technology r e p o r t s ,  t h e  r e p o r t  
sensors, i .e., l i d a r  systems, were n o t '  considered a t  a l l  . i n  t h e  e a r l i e r  workshop; - 
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FUTURE INSTRUMENTATION AND MISSIONS FOR MEASUREMENTS OF TLROPOSPHERI c 'TRACE 
SPECIES FROM SPACE: WORKSHOP RECOMMENDATIONS 
A f t e r  t h e  f o u r  ins t rument l techno logy  panels completed t h e i r  assessment o f  t h e  
avai  1 a b l e  and p r o j e c t e d  i n s t  rument poss i  b i  1 i t i  es and t h e  requ i  r e d  techno1 ogi  c a l /  
s c i e n t i f i c  a c t i v i t i e s  t o  accomplish these o b j e c t i v e s ,  a l l  o f  t h e  workshop p a r t i c i -  
pants  were d i v i d e d  i n t o  t h r e e  t ropospher ic  m i s s i o n  panels which c u t  across 
i nstrument / technol  ogy 1 i nes. (1 ) recommend a 
phased space-measurement program t o  meet the s c i e n t i f i c  needs o f  an aggress ive g l o b a l  
t r o p o s p h e r i c  chemis t ry  program f o r  t h r e e  t imeframes: t h e  present,  t h e  near t e r m  
(1986-1992), and from 1992-2000--the per iod  when t h e  EOS i s  scheduled t o  become oper- 
a t i o n a l ,  and (2)  recommend a suppor t ing  research and development program t o  ensure 
t h e  success fu l  accomplishment o f  t h e  o b j e c t i v e s  o f  (1) .  
t i o n s  t o  t h e  e n t i r e  workshop. 
mendations of  t h e  t h r e e  miss ion  panels were a lmost  i d e n t i c a l .  
and p o t e n t i a l  miss ions a r e  summarized here and i n  t a b l e  111. 
The miss ion  panel s were asked t o :  
A f t e r  t h e i r  d e l i b e r a t i o n s ,  t h e  t h r e e  miss ion  panels  r e p o r t e d  t h e i r  recommenda- 
Al though they d i f f e r e d  i n  t h e i r  approachs, t h e  recom- 
T h e i r  recommendations 
The workshop miss ions panels recommended t h a t  gas f i l t e r  c o r r e l a t i o n  rad iomet ry  
and h i g h - r e s o l u t i o n  i n t e r f e r o m e t r y  be e x p l o i t e d  and expanded f o r  measurements o f  t h e  
d i s t r i b u t i o n  of t r o p o s p h e r i c  t r a c e  gases. Such ins t ruments  and miss ions  were 
i d e n t i f i e d  and discussed by t h e  panels and severa l  instrument/measurement/mission 
f e a s i  b i  1 i t y  s t u d i e s  were recommended by the panel s ,  i n c l  u d i  ng: 
A t h r e e - l a y e r  ( lower ,  middle,  and upper t roposphere)  measurement o f  carbon 
monoxide, u s i n g  a nad i r -v iewing  gas f i l t e r  c o r r e l a t i o n  radiometer.  
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A lower  o r  midd le  t r o p o s p h e r i c  measurement o f  methane, u s i n g  a n a d i r - v i e w i n g  
gas f i l t e r  c o r r e l a t i o n  radiometer. 
e A survey o f  lower,  middle,  and upper t r o p o s p h e r i c  t r a c e  gases u s i n g  a n a d i r -  
v iewing  h i g h - r e s o l u t i o n  i n t e r f e r o m e t e r  o p e r a t i n g  i n  t h e  thermal emiss ion mode. 
The miss ion  panels a l s o  concluded t h a t  l i d a r  systems appear t o  have t h e  poten- 
t i a l  of o b t a i n i n g  measurements of t ropospher ic  t r a c e  gases and aeroso ls  f rom space. 
I n  a n t i c i p a t i o n  of t h e  a c t u a l  demonstrat ion o f  spaceborne l i d a r  measurements o f  
t r o p o s p h e r i c  t r a c e  gases and aerosol  s ,  severa l  1 i d a r  technology and measurement 
f eas i  b i  1 i t y  s t u d i  es were considered, i ncl  u d i  ng: 
0 F e a s i b i l i t y  s t u d i e s  t o  consider  t h e  p o t e n t i a l  o f  o b t a i n i n g  measurements o f  
t r o p o s p h e r i c  t r a c e  gases and aerosols f rom spaceborne l i d a r  systems. As 
d iscussed i n  t h i s  r e p o r t ,  t h e  L idar  Measurements and Technology Panel con- 
s i d e r e d  t r o p o s p h e r i c  measurements o f  t h e  d i s t r i b u t i o n  o f  aerosols ,  water  
vapor, ozone, carbon monoxide, methane, and, p o s s i b l y ,  ammonia, as w e l l  as 
column measurements o f  t ropospher ic  n i t r o g e n  d i o x i d e  and, p o s s i b l y ,  n i t r i c  
o x i d e  and s u l f u r  d iox ide .  
I n  addi  t i on t o  t h e  speci  f i c i nstrument/mi s s i  on recommendations, t h e  panel s made 
severa l  general  recommendations t h a t  may l e a d  t o  f u t u r e  spaceborne ins t ruments ,  tech-  
n i  ques, and m i  s s i  ons f o r  t ropospher i  c chemi s t  ry research. 
1 i n  more a c c u r a t  and/.of f a s t e r  a lgor i thms and techniques f o r  t h e  r e t r i e v a l  and 
: i # v & s f a  -of * s p k e @ r n e  r a d i a t i v e  data f o r  f u t u r e  t r o p o s p h e r i c  miss ions and i n  t h e  
pojSii b l e  development o f  new technologies f o r  spaceborne measurements o f  t r o p o s p h e r i c  f 
t r a c e  gases. The panels recommended research i n t o  t h e  f o l l o w i n g  areas: 
T h i s  research may r e s u l t  
0 B a s i c  s t u d i e s  i n  t r o p o s p h e r i c  r a d i a t i v e  t r a n s f e r  and spectroscopy, e.g., l i n e  
m i x i n g  i n  carbon d iox ide ,  l i n e  shapes ( e s p e c i a l l y  f o r  water  vapor) ,  and t h e  
behav io r  o f  t h e  continuum. 
@ B a s i c  research and development i n  d e t e c t o r s ,  coo le rs ,  and s u b m i l l i m e t e r  and 
microwave components f o r  t h e  next genera t ion  o f  t r o p o s p h e r i c  spaceborne 
i n s t r u m e n t a t i o n ;  b a s i c  research and development aimed a t  improv ing e x i s t i n g  
l a s e r  e f f i c i e n c y ,  l i f e t i m e ,  and s p e c t r a l  q u a l i t y  and t h e  development o f  new 
l a s e r s  f o r  spaceborne measurements o f  t r o p o s p h e r i c  gases. 
Spaceborne miss ions f o r  t ropospher ic  t r a c e  gases and aeroso ls  p r e s e n t l y  a v a i l -  
a b l e  and p r o j e c t e d  f o r  t h e  f u t u r e  a r e  summarized i n  t a b l e  111. 
A summary o f  t h e  workshop, i n c l u d i n g  a d i s c u s s i o n  of t h e  s c i e n t i f i c  and techno- 
1 o g i  c a l  c h a l  1 enges o f  o b t a i  n i  ng measurements o f  t ropospher i  c t r a c e  gases and aerosol  s 
from space, was r e p o r t e d  i n  a paper presented a t  t h e  American Meteoro log ica l  S o c i e t y  
Second Conference on S a t e l l i t e  MeteorologylRemote Sensing and A p p l i c a t i o n s ,  
Wi l l iamsburg,  V i r g i n i a ,  May 13 t o  16, 1986 (Lev ine e t  al., 1986). 
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TABLE I .  - TROPOSPHERIC TRACE GAS MEASUREMENTS FROM SATELL ITES 











Chl orofl uoromethanes 
HC a. 
Concentration (V/V 1 
0.05- 0.04 
40 -100 ppb 
0.05- 0.3 ppm 
1.7 ppm 
0.3 ppm 
0.01- 10 ppb 
0.1 - 1 ppb 
0.05- 1 ppb 
0.2 ppb 
0.1 - 1 ppb 
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. ' TABLE' I I I .- TROPOSPHERIC MISSIONS: 1985-2000 - ,  . .  . I  
Species 
1. Past  and Presen t  
C O  (Mid Trop.) 
H20, 03, Aerosols 
(Mid t o  Upper. Trop.) 
Several Gases (Mid 
t o  Upper Trop. 1 
I n s t r u m n t  
MAPS 
SAGE I 1  
ATMOS 
Aeroso ls  
AVHRR 
V ISRR 
Mu1 t i s p e c t r a l  
Sen sor s 
2. P o t e n t i a l  Future Near-Term M iss ions  (Through 1992) 
C O  (Three Layers: Gas F i l t e r  Cor re la -  
(Lower, Middle,  and t i  on Radiometer-- 
Upper Trop. ) Nadi r - V i e w i  ng Mode 
CH4 (Lower o r  
M idd le  Trop. ) 
Gas F i l t e r  Corre l  a- 
t i o n  Radiometer-- 
Nadi r - V i  e w i  ng Mode 
Several  Gases High Reso lu t ion  I n t e r -  
(Lower, Midd le ,  ferometer--Thermal 
and Upper Trop. E m i  s s i  on Mode) 
Aerosols LITE (L ida r  i n  Space 
Techno1 ogy Exper i  - 
men t 
Corments 
Flown on Space Shu t t l e - -  
(Nov. 1981; Oct. 1984) 
two f l i g h t s  
On ERBS 
(Launched Oct. 1984 ) 
SPACELAB 3 
( A p r i  1 -May 1985 
NOAA P o l a r - O r b i t i n g  Opera- 
ti onal  Environmental 
S a t e l l i t e  (POES) 
NOAA Geosta t ionary  
Opera t iona l  Env i ron-  
mental Sate1 1 i t e  (GOES 1 
LANDSAT 
Should be s t u d i e d  
Should be s t u d i e d  
Should be s tud ied  
Planned f o r  1989 f l i g h t  o f  
Space S h u t t l e  as a tech- 
no1 ogy demonstrat ion 
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